Objective: The essential oil composition of two Salvia taxa (Salvia sclarea and Salvia verticillata subsp. verticillata) analysed and yield of compositions were analysed Material and Methods: The essential oil was extracted by hydro distillation using a modified Clevenger apparatus coupled to a 2 L round-bottom flask. A total of 100 g of fresh plant material (aerial parts) and 1 L of water were used for the extraction. Gas chromatography / Mass spectrometry (GC-MS) analysis were applied to extracts.
Introduction
The genus Salvia L. represents nearly 1000 species displaying a remarkable diversity in growth forms, secondary compounds, floral morphology, and pollination biology. The genus has distributed extensively in 3 regions of the world: Central and South America (500 spp.), western Asia (200 spp.), and eastern Asia (100 spp.) (1) . Anatolia is a major diversity center for Salvia in Asia (2) . Turkey is home to 95 Salvia species, 49 (52%) of which are endemic (3).
The first revision of Salvia in Turkey was made by Hedge (1982) , who recognized 86 species, 1 hybrid and 1 doubtful species. There, he grouped the species by stamen characters and other morphological similarities. Since the publication of the Flora of Turkey, nine species have been added to the genus as new species (4) (5) (6) (7) (8) (9) or new records were reported (10) (11) (12) . The number of species now reaches 95, showing that Turkey is amajor centre of diversity for the genus in Asia.
Salvia sclarea L. also known as muscat sage is one of the highly demanded Mediterranean species for its aromatic properties (13) (14) .
S. sclarea or clary sage is widely used in cosmetic industry as well (15) . Extracts of the aerial part of clary sage have a broad spectrum of effects: analgesic, antiinflammatory (16) , antifungal (17) and antibacterial (18) .
Salvia species heve been used in folk medicine for wound healing and in alleviating stomach, liver, and rheumatism pains and for treating the common cold in the form of infusion and decocation in various parts of the world (19, 20) . They and their essantial oils are used in food flavoring, pharmceuticals, and in perfumery. Salvia species mainly contain essantial oil and phenolics (21) . Some of the phenolic compounds of plants belonging to this genus have also shown excellent antimicrobial activity, as wellas scavenging activity of active oxygen, inhibiting lipid peroxidation and antioxidant activity (22-24).
Recently, the essential oils and various extracts of plants have gained special interest as sources of natural antimicrobial and antioxidant agents because of the resistance to antibiotics that some microorganisms have acquired and the possible toxicities of the synthetic antioxidants (25, 26) .
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In the context of essential oil study in our laboratuary in the same family (27) (28) (29) it is aimed that to evaluate the composition of the essential oils obtained from the aerial parts of Salvia sclarea and Salvia verticillata subsp. verticillata growing wild in Turkey. The results were discussed with the Salvia genus pattern in means of chemotaxonomy, natural products and renewable resources.
Materials and Methods

Plant material
Salvia sclarea L. specimens were collected during to flowering stage in May, 2010, at an altitude of 1400 m, Ovacık (Tunceli-Turkey) and Salvia verticillata L. subsp. verticillata specimens were collected during to flowering stage in June, 2009, at an altitude of 1380 m, Baskil (Elazıg-Turkey). Voucher specimens are kept at the Firat University Herbarium (FUH).
Extraction of the essential oil
The essential oil was extracted by hydrodistillation using a modified Clevenger apparatus coupled to a 2 L round-bottom flask. A total of 100 g of fresh plant material (aerial parts) and 1 L of water were used for the extraction. The extraction was performed over 3 hour period. Subsequently, the hydrolate was collected and centrifuged at 10,000 rpm for 10 minutes. The organic phase was removed with the aid of a Pasteur pipette, and subsequently transferred to an black coloured vials, wrapped in parafilm and aluminum foil and 4 o C under refrigeration until analysis. The yields of oils were calculated on the basis of the dry mass.
Gas chromatography (GC) analysis
The essential oil was analysed using HP 6890 GC equipped with FID detector and HP-5 MS (30 m x 0.25 mm i.d., film tickness 0.25 µm) capillary column was used. The column and analysis conditions were the same as in GC-MS expressed as below. The percentage composition of the essential oils was computed from GC-FID peak areas without correction factors.
Gas chromatography / Mass spectrometry (GC-MS) analysis
GC-MS analyses of the oils were performed on a Hewlett Packard Gas Chromatography HP 6890 interfaced with Hewlett Packard 5973 mass spectrometer system equipped with a HP 5-MS capillary column (30 m x 0.25 mm id, film thickness 0.25 μm). The oven temperature was programmed from 70-240 o C at the rate of 5 o C/ min. The ion source was set at 240 o C and electron ionization at 70 eV. Helium was used as the carrier gas at a flow rate of 1 mL/min. Scanning range was 35 to 425 amu. Diluted oil in n-hexane (1.0 μL) was injected into the GC-MS.
The identification of constituents was performed on the basis of retention indices (RI) determined by coinjection with reference to a homologous series of nalkanes, under identical experimental conditions. Further identification was performed by comparison of their mass spectra with those from NIST 98 Libraries (on ChemStation HP) and Wiley 7th Version. The relative amounts of individual components were calculated based on the GC (HP-5MS column) peak area (FID response) without using correction factors. The identified constituents of the essential oils are listed in Table 1 .
Results and Discussion
The essential oils of the aerial parts of two Salvia species (Salvia sclarea and Salvia verticillata L. subsp. verticillata) collected from the Turkey were obtained by hydrodistillation, in 0.4% and 0.3 (v/w) oil yields respectively. Thirty seven and seventy four components were identified representing 97.9% and 98.6% of the oils, respectively.
The major constituents of S. sclarea were spathulenol (19%), caryophyllene oxide (15.5%), linolyl acetate (11.3%) and linalool L (8.5%), whereas those S. verticillata subsp. verticillata were germacrene D (13.8%), spathulenol (10%) and limonene (4.5%), 1.8-cineole (4.5%) ( Table 1 ). The oils were complex mixtures of non-terpenes, monoterpenes and sesquiterpenes: Totally, eighty nine components were identified in essential oils in the study.
The hydrodistilled essential oils of the aerial parts of wild-growing Salvia sclarea originated from two localities in Greece were analyzed by GC-MS. (17) . In general, we can said that there are some similarities between in Greece samples and Turkey specimens.
Twenty-eight components were identified for S. verticillata, constituting 98.2% of the total oil. S. verticillata oil was dominated by monoterpenes (64.5%). Among these monoterpenes hydrocarbons such as -pinene (30.7%), p-cymene (23.0%) and -pinene (7.6%) were reported by Pitarokili et al (30) . It is interesting that although major components (-pinene, p-cymene and -pinene) of essential oils were reported by Pitarokili et al (30) , those major components were detected trace amounts in our samples. On the other hand, the β-caryophyllene (13.3%), γ-muurolene (10.3%) and transchrysanthenol (6.1%) were the major compounds of essential oil of Salvia verticillata from Yugoslavia (31).
However, two dominant components in Iran, (E)-caryophyllene and -humulene were also dominant components in all three Serbian populations, suggesting that these are generally present in S. verticillata. Additionally, germacrene D was the main component (48.0% and 24.6% of oil, respectively) in two populations collected from in Serbia (32).
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The analysis of the essential oil composition of several Salvia species indicates that 1,8-cineole (eucalyptol), and borneol are its main constituents. However, several authors have documented significant species specific variations in the concentration of these compounds and/or presence of others in high concentrations (33) (34) (35) (36) (37) (38) (39) (40) (41) . Moreover, the essential oil composition of Salvia species, as occurs with other medicinal and aromatic plants, is highly influenced by genetic and environmental factors (42) (43) .
Some species of Salvia from Turkey were dominated in germacrene D (27%), bicyclogermacrene (11.3%), spathulenol (10%) in S. ceratophylla oil; germacrene D (26.3%), bicyclogermacrene (24.1%), α-copaene (21.1%), β-cubenene (8.1%) and δ-cadinene (5%) were in S. aethiopis oil (27); 1,8-cineole (30.5%), camphor (21.3%) and borneol (8.50%) in S. aucheri var. aucheri oil; pinene (10.3%), 1,8 cineole (46.0%) and camphor (8.7%) in S. aramienesis oil; -thujene (36.1%) and -pinene (13.8%) S. pilifera oil (44); β-caryophyllene (18%), germacrene D (16.5%), linalool L (9.2%), caryophyllene oxide (7.3%), sclaraeol (6.6%) and linalyl acetate (6%) in S. palaestina; α-pinene (33.7%), germacrene D (7.5%), β-pinene (6.8%), α-humulene (6%), and viridiflorol (3.8%) in S. tomentosa (29) were reported essential oil from Turkey. Limonene (11.7%), 2-cyclohexen-1-ol (9.2%), trans-verbenol (7.7%) and trans-(+)-carveol (6.7%) were found to be major components in S. kronenburgii (45) . (52) .
Conclusion
The main conclusion from the above data, particularly infraspesific differences means, might be explain that genetic and environmental factors both play a role in determining the composition of essential oils of the Salvia species studied. In addition, spathulenol was found as major compound for both Salvia sclarea and Salvia verticillata subsp. verticillata while, the other main components were not showed similarity. In addition, the results were discussed with the Salvia genus pattern in means of chemotaxonomy, natural products and renewable resources.
